The classical vehicle routing problem (VRP) can be extended by including customers who want to send goods to the depot. This type of VRP is called the vehicle routing problem with pickups and deliveries (VRPPD). This study proposes a novel way to solve VRPPD by introducing a two-phase heuristic routing algorithm which consists of a clustering phase and uses the geometrical center of a cluster and route establishment phase by applying a two-way search of each route after applying the TSP algorithm on each route. Experimental results show that the suggested algorithm can generate better initial solutions for more computer-intensive meta-heuristics than other existing methods such as the giant-tour-based partitioning method or the insertion-based method.
Introduction
The vehicle routing problem (VRP) is a combinatorial optimization and nonlinear programming problem seeking to service a number of customers with a fleet of vehicles. VRP has been an important problem in the fields of transportation, distribution and logistics since Dantzig and Ramser [1] first proposed the problem. The vehicle routing problem with pickups and deliveries (VRPPD) is an extension of the classical VRP. Recently, research on VRPPD has peaked essentially because pickup demands for packaging and used product returns from customer locations have increased substantially due to environmental and government regulations, and the fact that integrating pickups with deliveries maximally utilizes vehicle capacity and saves money. So, VRPPD must take into account the goods that customers return to the delivery vehicle. This restriction makes the planning problem more difficult and increases travel distances or the number of vehicles. Restricted situations, in which there are no interchanges of goods between customers and all delivery demands start from the depot and all pickup demands are brought back to the depot, are usually considered in VRPPD.
The VRPPD model can be classified into three: Delivery-first and pickup-second; mixed pickups and deliveries; and simultaneous pickup and deliveries. The assumption of the delivery-first and pickup-second model is that all deliveries must be made before any pickups. This assumption was due to the fact that vehicles were rear-loaded and because rearranging delivery loads onboard to accommodate new pickup loads was difficult. However, in recent days, most vehicles have side-loading as well as rear-loading functions. To accommodate new pickup loads, rearranging delivery loads onboard is no longer a requirement. Hence, the assumption that all deliveries must be made before any pickup can occur can be relaxed, allowing for the mixed pickups and deliveries model in which deliveries and pickups may occur in any sequence on a vehicle route. When customers can simultaneously receive and send goods, it is referred to as simultaneous pickup and delivery. A VRPPD solution is feasible only if the following three conditions are satisfied: delivery-feasibility, pickup-feasibility and load-feasibility. Delivery-feasibility and pickup-feasibility mean that both the total delivery and the total pickup demands on any vehicle route do not exceed the maximum capacity of the vehicle; and load-feasibility means that the maximum capacity of the vehicle is not exceeded at any point on the route.
This study focuses on solving mixed pickups and deliveries by applying the two-phase heuristic algorithm. The first phase selects cluster seed as the farthest node (customers) among unclustered nodes and cluster nodes by using the notion of the geometrical center of a cluster. The result of the first phase satisfies the delivery-feasibility and pickup-feasibility since the total deliveries and pickups on any route is less than or equal to the maximum capacity of the vehicle. And the second phase of the algorithm appliesisfy the load-feasibility by applying the direction sensitive two-way search algorithm. The result of the second phase satisfies all VRPPD constraints of load-feasibility as well as delivery-feasibility and pickup-feasibility. The experimental results show that the suggested two-phase heuristic can generate better initial solutions than giant-tour-based partitioning or the insertion-based method for more computer-intensive meta-heuristics.
This study is organized as follows: Section 2 reviews the related literature on VRPPD and defines VRPPD, and Section 3 explains the details of the suggested two-phase algorithm. Section 4 discusses experimental results, and finally, Section 5 offers our conclusions and future direction.
Literature Review and Definition
The literature on VRPPD can be classified into three main categories by following its model: delivery-first and pickup second; mixed pickup and delivery; and simultaneous pickup and delivery.
Delivery-first and pickup second
The original problem addressed in VRPPD is referred to as classical VRPPD in the literature where the delivery and pickup demands are different, and on a route all the delivery demands have to be served before pickup demands. The reason for this route constraint was the inconvenience caused by 'mixed' loads for rear-loaded vehicles. Exact methods for the classical VRPPD were proposed by Toth and Vigo [2] and Mingozzi et al. [3] . Heuristics for delivery-first and pickup second have been studied in various ways and can be found in the works of Deif and Bodin [4] , Goetschalckx and Jacobs-Blecha [5] , Thangiah et al. [6] , Duhamel et al. [7] , Toth and Vigo [8] , and Brandão [9] .
Mixed pickup and deliveries
Problems that allow serving pickup demands before all delivery demands are served on a route are referred to as mixed VRPPD. The reasons for relaxing the route constraint are that nowadays most vehicles have side-loading and rear-loading functions, and the fact that allowing mixed loads on a route reduces costs. As far as we know, all available algorithms developed for mixed cases are heuristics such as those in the works of Min [10] , Dethloff [11] [12] , Angelelli and Mansini [13] , Tang and Galvão [14] [15] , and Nagy and Salhi [16] [17] . Most heuristics are based on classical procedures including insertion methods, edge and vertex exchanges, and customer relocations.
Simultaneous pickup and delivery
Both the classical and mixed VRPPD require that delivery and pickup customers be different. However, in today's context a customer may have both delivery and pickup demands. Problems that address this situation are referred to as vehicle routing problems with simultaneous delivery and pickup (VRPSDP). VRPSDP was introduced by Min [10] . Heuristics to solve the problem were developed by Dethloff [11] , Chen and Wu [18] , and Tang and Galvão [15] .
Problem definition
This study focuses on solving mixed pickups and deliveries. The vehicle routing problem with pickup and delivery, VRPPD, is defined as follows: Let
complete and directed graph with vertex set
where vertex 0 represents the depot, and each remaining vertex represents a customer. The arc set is defined as
. A fleet of m identical vehicles of capacity Q is based at the depot. Each customer i has a non-negative pickup demand i p and a non-negative de-
all delivery demands are located at the depot and ultimately all pickup demands must arrive at the depot. The VRPPD consists of designing at most m vehicle routes starting and ending at the depot, such that each pickup and each delivery is performed by one vehicle, the total load of a vehicle along a route never exceeds Q, and the total routing cost is minimized. A VRPPD solution is feasible only if three conditions are satisfied: delivery-feasibility, pickup-feasibility and load-feasibility. Delivery-feasibility and pickup-feasibility mean that both the total delivery and the total pickup demands on any vehicle route do not exceed Q. Loadfeasibility means that Q not be exceeded at any point on the route.
Methods for finding Initial solutions
To get the final solution of a VRPPD, generally two steps are required the first procedure to get initial solutions and the second procedure to optimize the initial solutions.
This study focused on the first procedure and there are two frequently used algorithms to find an initial solution. The first one is the giant-tour partition-based method on the concept of multiple giant-tours [21] . The giant-tour partition was used in the work of [17] and its time complexity is O(n 2 ). The second one is the insertion-based heuristic algorithm that first makes routes by using the ClarkeWright insertion algorithm [23] for delivery nodes only, and then applying the 1-INS algorithm [24] in order to insert pickup nodes one by one into the routes. The time complexity of the second one is O(n 4 ).
To get better initial solutions of VRPPD, this study suggested a novel way by introducing a two-phase heuristic routing algorithm which consists of a clustering phase and uses the geometrical center of a cluster and route establishment phase by applying a two-way search of each route after applying the TSP algorithm on each route. As the experimental result section shows, the suggested algorithm can generate better initial solutions than other existing methods such as the giant-tour-based partitioning method or the insertion-based method.
The Suggested Two-phase Heuristic Algorithm
In this section, the suggested two-phase heuristic algorithm with the notion of geometrical center to produce an initial solution will be explained in detail.
The notion of geometrical center
In our algorithm, we introduce the notion of a geometrical centre (GC) of a cluster as follows: Let 
The first phase: make clusters satisfying deliveryfeasibility and pickup-feasibility
The proposed algorithm works in the manner of cluster first and route second. The objective of the first phase is to make clusters that satisfy delivery-feasibility and pickupfeasibility. To achieve this objective, the proposed algorithm finds the farthest node from the depot among unclustered nodes as a seed for cluster generation. And then the geometric center (GC) of the cluster (if there is only a node in a cluster, the center of the cluster is the same as the location of the node) is calculated. Find the closest node from the center of the cluster among unclustered nodes and include the node into the cluster, if the inclusion does not violate delivery-feasibility and pickup-feasibility, and update the center of the cluster. If the inclusion of a node into the cluster violates either delivery or pickup feasibility, stop to expand the cluster and find the farthest node from the depot among unclustered nodes again and repeat the above processes until there are no unclustered nodes left. Table 1 shows the pseudo code of the first phase.
The second phase: establish routes satisfying load-feasibility
The second phase is for route establishment and uses the result of the first phase since the result of the first phase satisfies the delivery-feasibility and pickup-feasibility. To build up the route that satisfies the load-feasibility, at first, the proposed algorithm applies the TSP (Traveling Salesman Problem) algorithm without discriminating delivery and pickup customers. In the case the TSP algorithm does not satisfy the load-feasibility, the suggested algorithm adopts another process to satisfy load-feasibility by skipping the nodes, which causes violation of load-feasibility, and visiting the skipped nodes when enough space for the Table 1 . Pseudo code of the first phase demands of the skipped nodes is available. This process for satisfying load-feasibility causes longer travel distances. We apply this process in clockwise and counter-clockwise directions since the route of VRPPD is sensitive to its direction and we select the one that has shorter travel distance as the final result. Figures 1 and 2 show an example of the process. The routing result of VRPPD is sensitive to the clockwise or counter-clockwise direction of the vehicle. The left side of Figure 1 depicts the result of applying the TSP algorithm on a cluster and the right side shows the result of satisfying the load-feasibility if the capacity of the vehicle is 7 tons and each demand of pickup and delivery is 1 ton. Figure 1 shows that the vehicle should detour in order to not violate the load-feasibility by skipping some nodes and that it should visit these nodes when space for the demands of the nodes is available. Figure 2 shows another routing result of visiting customers of reverse direction and in this case, satisfying the load-feasibility is not needed. We select the second one as the final result of the second phase since the travel distance of the second one is shorter than the first one. Table 2 shows the pseudo code part of the second phase. (Full code of the second phase is just to change line 2 of the procedure with counter_clockwise_TSP( i l ) and compare the travel distance of each cluster and select the shorter one as the final result.)
Analysis of the suggested algorithm
The time complexity of the first phase is O(n 2 ) for finding the farthest node among unclustered nodes takes O(n) and repeat this process until there are no unclustered nodes left. The second phase adopts the Lin-Kernighan heuristic [19] to solve the TSP which has O(n 2.2 ) of time complexity. So, if we let l be the number of clusters and k l be the number of nodes in cluster l, the complexity of the second phase is O(lk l 2.2 ). If there is just a route (the worst case), then l is equal to 1 and k l is equal to n and the time complexity goes to O(n 2.2
). As a result, the overall time complexity of the suggested algorithm is O(max(n 2 ,n 2.2 )) =O(n 2.2 ).
Experimental Results
The algorithms of this study were written in Java and executed on an IBM® PC of Intel® Core®2 Quad CPU 2.83GHz and 4GB RAM.
We tested our solution for the CVRP on the Augerat A, B, and P benchmark dataset [20] : for the instances in class A, both customer locations and demands were random. The instances in class B were clustered instances. The instances in class P were modified versions of instances from the literature. To generate test data for the case of mixed pickups and deliveries of three VRPPD problems for each VRP instance, every second (50%), fourth (25%) or tenth (10%) customer on the list was set to a pickup node and assigned a supply demand equal to the original delivery demand.
For the comparisons, we implemented two algorithms that are used frequently in VRPPD literatures. The first one is the giant-tour partition-based method on the concept of multiple giant-tours [21] . To make the results of the gianttour partitioning load feasible, the method of reinserting the depot [22] is used. The giant-tour partition was used in the work of [17] and its time complexity is O(n 2 ). The second one is the insertion-based heuristic algorithm which first make routes by using the Clarke-Wright insertion algorithm [23] for delivery nodes only, and then applying the 1-INS algorithm [24] withα and β value as 1.5 and 1, respectively, in order to insert pickup nodes one by one into the routes. The time complexity of the second one is O(n 4 ). Table 3 summarizes the results in terms of average routing cost, which are accumulated distances of all vehicles, and computational time, respectively. As Table 3 shows, the suggested algorithm gives the best results except for 10% of pickup nodes in A and B dataset. As averages, the suggested algorithm gives better solution qualities than giant-tour partition by 6%, 2% and 6% and insertion by 4%, 1% and 6% for each dataset, respectively. With regards to the computing time, since all of these methods have polynomial time complexities, all methods take less than a second on average as Table 3 shows. This means that these methods can be used before applying subsequent computer-intensive optimizing procedures without time related burdens.
Conclusion
In this study, we focused on generating an initial solution for the vehicle routing problem with pickups and deliveries (VRPPD). We suggested a two-phase heuristic algorithm which at first clusters routes by using the notion of the geometrical center of each router and then we applied the two-way search algorithm just after applying the TSP algorithm on the results of the first phase. The suggested algorithm shows better results over existing algorithms such as the giant-tour partition-based method and the insertion-based method. Based on the experimental results, the suggested method can be applied to generate initial solutions for VRPPD. 
